By the end of 2009, an estimated 33.3 [95% confidence interval (CI): 31.4-35.3] million people were living with human immunodeficiency virus (HIV) worldwide and 2.5 (95% CI: 1.7-3.4) million of these were children. Despite improvements in care and access to antiretroviral (ARV) treatment in many regions of the world, 1.8 (95% CI: 1.6-2.1) million people with immune deficiency syndrome (AIDS) died in 2009 and 260,000 (95% CI: 150,000-360,000) of these died before reaching the age of 15 (UNAIDS 2010) . From the beginning of the epidemic in 1981 up until June 2010, 19,203 cases of AIDS infection in children younger than 12 years old have been reported in Brazil (MS 2010) .
In several studies that examined the natural history of perinatal HIV/AIDS infection in children, AIDS-defining conditions were strongly associated with death (Scott et al. 1989 , Blanche et al. 1990 , Tovo et al. 1992 , ECS 1994 , IRHIC 1994 , Kline et al. 1995 . HIV mortality in children has decreased by 80-90% since the introduction of protease inhibitor (PI)-containing ARV regimens and opportunistic and other related infections have significantly decreased in HIV-infected children in the highly active antiretroviral therapy (HAART) era (de Martino et al. 2000 , Gortmaker et al. 2001 , Gibb et al. 2003 , Selik & Lindegren 2003 , McConnel et al. 2005 , Gona et al. 2006 , Judd et al. 2007 , Candiani et al. 2007 , USWGARV 2011 . In the Children with HIV Early Antiretroviral Therapy trial on ARV treatment strategies, early HIV diagnosis and early ARV therapy reduced early infant mortality by 76% and HIV progression by 75% (Violari et al. 2008) .
HAART use in the treatment of HIV-infected patients, in addition to prophylaxis for opportunistic infections, has reduced AIDS-related deaths in several countries, including Brazil (Matida et al. 2002 , Marins et al. 2003 . However, few studies in our country describe survival improvements in HIV-infected paediatric patients using HAART (Matida et al. 2002 , Marins et al. 2003 , Candiani et al. 2007 ). This cohort study assessed the impact of HAART, defined as a regimen containing three or more ARV drugs, on the survival and death rates of HIV-infected children and adolescents in Belo Horizonte, Brazil. 31.5 and 55.9 months, respectively (log rank = 22.11, p < 0.0001 Clinic visits typically occurred monthly during the first six months of life and either every three months thereafter or at shorter intervals if clinically required. A laboratory assessment consisting of a complete blood count and a CD4 and viral load analysis was performed every three months.
PATIENTS, MATErIAlS ANd METhodS

Population -
ART became available after 1991, HAART was available after 1996 and laboratory data for CD4 and viral load were consistently available after 1997.
Data collection -Medical records and laboratory data were collected using standardised forms that included demographic information, HIV mode of acquisition, anthropometric measurements, clinical outcomes, CD4 lymphocyte count and plasma viral load quantification. Information about anthropometric measurements, clinical outcomes and ARV use was updated every six months. Information on hospital admission and death was obtained from medical records and was supplemented by consulting hospital records. Data from death certificates were verified through the State Health Department information system. To minimise the bias of a retrospective study, medical records were reviewed simultaneously by three specialists in infectious paediatric diseases who used standardised criteria to define the participants' clinical outcomes (CDC 1994 , MS 2004 , 2009 ). All patients were classified according to the 1994 Centers for Disease Control and Prevention (CDC) criteria (CDC 1994) .
Definitions -Follow-up status was categorised as (i) in follow-up, with at least one visit in 2006, (ii) lost to follow-up, without a consultation in 2006, (iii) confirmed death or (iv) patient transfer, when confirmation of clinic transfer was available.
For children and adolescents lost to follow-up or transferred during the observation period, survival was assessed at the last clinic visit. Patients who were still alive at the end of the observation period were assessed on their last clinic visit.
Patients were divided into two groups: (i) HAART group, an ARV regimen of at least three drugs for a minimum of 12 weeks consisting of two nucleoside analogue reverse transcriptase inhibitors (NRTIs) combined with a PI or a non-nucleoside reverse transcriptase inhibitor or three NRTIs and (II) non-HAART group, patients not using antiretroviral or using antiretroviral regimes with fewer than three drugs. The research team did not interfere in the selection of the patient's ARV regimen.
Study population -During the period between March 1989-December 2004, 359 HIV-infected children and adolescents were admitted. Thirty-nine of these patients were excluded because they were not vertically HIV infected (29 patients) or had received HAART for less than 12 weeks leading up to the last consultation or death (10 patients). The remaining 320 cases were included in the analysis.
Statistical analysis -Statistical analyses were performed using SPSS version 18.0 (SPSS Inc, Chicago, IL, USA) and Epi Info version 6.04 (CDC, Atlanta, GA, USA). The anthropometric analysis was performed with the Epinut of Epi Info version 6.04 and weight/age, height/age and weight/ height z scores = -2 were considered for analysis.
The demographic, immunological and virological characteristics of the HAART and non-HAART groups were assessed using the chi-squared test (χ 2 ) and Student's t test. The level of statistical significance was defined as a p value less than 0.05.
In the univariate analysis, the survival curves were obtained using the Kaplan-Meier method. Log rank tests were performed to test the differences between the curves, with death as the endpoint and gender (male/ female), age range (younger than 1 year old/between 1-6 years old/older than 6 years old), weight-age z score (≤ -2/> -2), height-age z score (≤ -2/> -2), weight-height z score (≤ -2/> -2), HAART (HAART/non-HAART groups), viral load value log 10 (≥ 5 and < 5) and per cent CD4 (≤ 15% and > 15%) as the explicative variables.
In the multivariate analysis, a Cox proportional hazards model was used to calculate the predictive value of HAART on the risk of death. Variables with p < 0.25 in the univariate analysis were also used in the model's construction to assess each variable's contribution to the endpoint occurrence (death). The limit for statistical significance was defined as p < 0.05 and 95% CIs were calculated for the relative risk (RR).
The incidence rates of death per 100 person/years were calculated for the HAART and non-HAART groups. The incidence rates in people-years were obtained by dividing the number of events observed by the sum of the years each subject contributed to the study, as assessed at the time of the event (death), loss to follow-up or the end of the follow-up period.
The information obtained was confidential and the study was approved by the Ethical Committee of Federal University of Minas Gerais.
rESulTS
The study included 320 HIV-infected children and adolescents admitted to the CTR-DIP from March 1989-December 2004 and followed until June 2006. The median age at admission was 20.9 (interquartile range: 8.7-46.3) months; 172 (53.8%) patients were female. The median follow-up was 49.4 months (27.7-71.4) with a median of 27 visits per patient (15-42). The median age at the beginning of HAART was 40.8 months (17.0-78.8) and the median follow-up time for patients using HAART was 56 months (40.3-71.0); 112 patients (35%) were the family index case.
Over the 18 years of the study, the overall mortality rate was 9.7% (31/320; 95% CI: 6-13%); there were 35 (10.9%) losses to follow-up and 21 (6.6%) transfers to other health services. The remaining 233 (72.8%) patients received follow-up until June 2006. Of the 31 patients who died during the study, 20 (64.5%) were female and 25 (80.6%) had a severe (clinical category C) HIVassociated disease (CDC 1994) at the time of death. The median age at death was 7.7 (5.1-10.7) years. Causes of death could be ascertained in 24 of 31 (77.4%) patients. The most common cause of death was pneumonia (7/31: 22.6%), followed by sepsis (5/31: 16.1%), Pneumocystis jiroveci pneumonia (4/31: 12.9%), oesophageal candidiasis (2/31: 6.5%), extra-pulmonary cryptococcosis (2/31: 6.5%), cerebral toxoplasmosis (1/31: 3.2%), malignancy
(1/31: 3.2%), disseminated varicella (1/31: 3.2%) and wasting syndrome (1/31: 3.2%). Table I shows the demographic, immunological and virological characteristics in the HAART and non-HAART groups at the Paediatric AIDS Outpatient Clinic at CTR-DIP from 1989-2006.
The HAART and non-HAART groups did not differ demographically by gender or age upon admission. Follow-up times and median survival times were significantly higher in the HAART group than in the non-HAART group. Clinically, more patients died in the non-HAART group than in the HAART group.
Patients in the HAART group presented the lowest values for weight/age and height-for-age z scores upon admission. The same trend was noticed in the laboratory parameters, with patients in the HAART group presenting lower CD4 counts and higher viral loads upon admission. Table II shows the univariate analysis of the risk factors for death in the 320 patients assessed in the cohort.
Gender and age did not present a statistically significant difference in relation to death. Because p value for age range was below 0.25, this variable was initially considered in the multivariate analysis.
Anthropometric variables weight-for-age and weightfor-height z scores were statistically significant in the univariate analysis. To avoid collinearity, only the weightfor-age z score was included in the multivariate analysis.
Laboratory data for CD4 and viral loads became consistently available only after July 1997, when 14 deaths (45.2% of the total) had already occurred. Although the CD4% was statistically significant in the univariate analysis, it was not included in the multivariate analysis because data were available only for 71% of the patients. The same result occurred with the viral load results, which was only available in 41.9% of the patients.
Thus, the variables used for constructing the Cox proportional hazards model in the multivariate analysis were age range, weight-for-age Z score <= -2 and HAART. Fig. 1 shows the survival curve of patients with and without HAART. Survival was significantly higher in the HAART group than in the non-HAART group.
In Fig. 2 , the survival curve of the patients according to weight-for-age z score upon admission indicates that the patients with a z score weight-age below -2 had more adverse survival outcomes than those patients with a z score above -2.
Among the explanatory variables used in the construction of the Cox model for the multivariate analysis, HAART use and weight-for-age Z score <-2 remained statistically significant (p < 0.05). The relationship between HAART and mortality was similar when stratified by the presence or absence of low WAz upon baseline/admission (p < 0.05). HAART was considered a protective factor and malnutrition was a risk factor for death. The RR of 0.13 for the use of HAART meant a 7.7-fold increase in protection for those patients treated with HAART. The interaction between the two explanatory variables remaining in the final model (HAART and weightfor-age Z-score ≤ -2) was assessed, resulting in a nonsignificant p value (p = 0.49), indicating that the two variables were independent.
The incidence of death was 5.1/100 and 0.8/100 person-years in the non-HAART group and HAART group, respectively (p <0.001).
dISCuSSIoN
We reported the follow-up of 320 vertically HIV-infected children over a period of 18 years in a HIV-referral centre in Minas Gerais, Brazil. During the study period, many ARV drugs became available for paediatric use and our work documents the impact of ARV treatment on the infected children's survival.
The study cohort represents the epidemiologic behaviour of HIV-infected paediatric patients in our country. Although our study assessed only patients with vertical HIV transmission, the vertical route represented 80.6% of the cases in our service, which is similar to the 85% cases reported to the MS in Brazil in 2008 (MS 2010 . Within the 18-year follow-up period, only 10.9% of our subjects were lost to follow-up and the child mortality rate was 9.7%. The overall loss to follow-up was 10.3%. However, subjects in the non-HAART group presented higher loss to follow-up than those subjects in the HAART group. The difference in loss to follow-up rates could be attributed to the intrinsic nature of our study design. In this historic cohort study, subjects in the non-HAART group were admitted in the early years when the clinic procedures for follow-up were not fully implemented. Although ARV treatment has been available in Brazil since 1991, it was restricted to mono or dual therapy with NRTIs. Starting in 1996, a wider range of ARV drugs, including PIs, became available and the universal, freeof-charge national ARV program was strengthened. The impact of this strategy has been measured in a national study carried out among HIV-infected adults. Patients diagnosed in 1996 had an average survival rate three times greater than those diagnosed in 1995 (Marins et al. 2003) .
Although not significant (p = 0.072), subjects in the HAART group tended to be admitted at younger ages at the clinic, possibly because the HAART group had patients with more severe symptoms who typically sought care earlier. Patients in this group also presented as more severely malnourished, with lower CD4 counts and higher viral loads at admission. Scott et al. (1989) observed that in patients with milder manifestations of the disease, recognising the infection during the first year of life is less likely, whereas children with a more advanced version of the disease are typically identified earlier (Scott et al. 1989) .
Most patients who died in our study presented with clinical category C advanced HIV disease (CDC 1994) at the time of death. Although many of these children were exposed to ARVs during the clinical follow-up period, treatment tended to start late. In a European collaborative study (ECS 2006) , HIV-infected children who began HAART at an advanced (category C) stage of the disease (CDC 1994) had an 84% lower chance of immunological recovery (20% increase in CD4) compared to those children who began HAART at the onset of mild/moderate symptoms (categories N, A and B) (CDC 1994) .
This study presents limitations inherent to the retrospective method. Data on clinical exams, laboratory exams and disease progression were obtained from medical records. Some information may not have been properly recorded, despite routine use of standardised forms. To minimise the flaws of the retrospective study design, all clinical records were reviewed and discussed by three paediatric HIV specialists using consistent criteria for defining patients' clinical conditions. More powerful ARV regimens and the increased use of prophylaxis for opportunistic infections have increased the number of HIV-infected children who currently survive until adolescence (Frederick et al. 2000 , Selik & Lindegren 2003 . This improvement in patient management has led to changes in the disease's clinical progression, resulting in lower morbidity and mortality (MS 2009 , USWGARV 2011 .
This study observed a significant improvement in patients' survival times and a reduction in the number of deaths among patients using HAART. In another Brazilian study, a reduction of 87.8% in the death rate of vertically HIV-infected children was observed from 1994-2002 (Matida et al. 2005) . Several studies in Europe and the United States have also demonstrated HAART's effectiveness in reducing child mortality (Essajee et al. 1999 , Teglas et al. 2000 , Gortmaker et al. 2001 , van Rossum et al. 2001 , Goethebuer et al. 2009 , Kapogiannis et al. 2011 , Peacock-Villada et al. 2011 . In a Spanish cohort, HAART decreased the progression of HIV infection, with an estimated reduction of 43% of the risk of developing AIDS after five years (Granados et al. 2003) .
In a study by Mocroft et al. (1998) , the death rate in adults was 65.4 per 100 person-years in follow-up in patients without ARV treatment, 7.5 per 100 person-years in follow-up in patients using dual therapy and 3.4 per 100 person-years in follow-up in patients who received triple therapy. In our cohort, a reduction in the death rate from 5.1/100 person-years in the non-HAART group to 0.8/100 person-years (p < 0.001) in the HAART group was observed.
In the univariate analysis by the Kaplan-Meier method, we observed more adverse clinical outcomes in patients who were malnourished upon admission. According to the literature, growth impairment in HIV-infected children is a well-known indicator that often precedes a decrease in the CD4 + cell count (Brettler et al. 1990 ). The improvement in growth parameters can be applied as an efficacy measure of HAART, with viral replication control exercising a positive effect on both height and weight (Verweel et al. 2002) . Our patients with a CD4 + cell count below 15% and a viral load above 5 log 10 had the most adverse clinical progression, with the greatest risk of death. These findings are consistent with Mofenson et al. (1997) , who showed that levels of plasmatic viremia above 100,000 copies/ mL (5 log) and T CD4 + lymphocyte counts below 15% in children over 30 months old are independent predictors of increased risks for clinical (category C) disease progression (CDC 1994) or death.
In the final multivariate analysis model, a lower risk of death in the HAART group and the greatest risks among patients with a z score weight-for-age below -2 remained significant. The data presented in this paper support HAART's effectiveness in reducing mortality for patients who are malnourished upon admission.
One of our work's strengths lies in how long we were able to conduct follow-up for children and adolescents in the same clinic. Our observation started before HAART was available or broadly used in Brazilian children.
HAART significantly changed the prognosis of an HIV infection in countries where therapy was successfully implemented, including Brazil. Although HIV is a relatively recent epidemic, much has already been achieved. An improved quality of life and an increased life span for HIV-infected children has been observed since therapeutic strategies were developed. Infected infants and children now survive until adolescence or beyond into adulthood and the current challenge in care is how to handle a chronic disease with acute flares.
This study shows that it is possible to use HAART to treat HIV-infected children and adolescents in resourcelimited countries and that this treatment is as effective as it is in developed countries. HAART can be administered safely and effectively to children and adolescents in countries with limited resources (Rouet et al. 2006) with results that are comparable to the results of clinical trials with ARVs in children in developed countries (Fassionou et al. 2004 , Kline et al. 2004 .
